Introduction: Chronic pain is associated with cortical reorganization, and interventions targeting cortical remapping, such as visual feedback of the painful body segment, seem promising. The primary aim of the present study was to evaluate the impact of visual feedback of the neck, using mirrors on pain intensity. Secondary aims were to evaluate the impact of visual feedback on neck range of motion and unadjusted cognitive processes.
| INTRODUCTION
Chronic pain is associated with cortical reorganization, particularly regarding the neural representation of the body stored in the primary somatosensory cortex (Lewis & Schweinhardt, 2012) , which is also involved in pain processing (Bushnell et al., 1999) . This reorganization has been investigated by assessing the perceived image of the painful body part and tactile acuity (Nishigami et al., 2015) . Individuals with various chronic pain syndromes, such as complex regional pain syndrome, phantom pain and, more recently, low back and neck pain, have been shown to have a distorted image of the painful body segment, and refer to it as being larger, with a different form, heavier or with a different temperature compared with its objective assessment (Lewis & Schweinhardt, 2012; Lotze & Moseley, 2007; Nishigami et al., 2015) . A recent study on individuals with neck pain suggested that patients with idiopathic neck pain might also have a distorted image of their neck, perceiving it as larger and shorter (Moreira, Bassi, Brandão, & Silva, 2017) .
In considering the evidence of cortical reorganization in painful conditions, new interventions have been explored. An example is the use of visual feedback. The easiest and least expensive way of using visual feedback consists of using mirrors placed in a position that allows the patient to view the reflection of the painful body part.
Several studies have suggested that visual feedback can modulate pain intensity in asymptomatic participants (Mancini, Longo, Kammers, & Haggard, 2011) , in patients with neuropathic pain (Mouraux et al., 2015) and in patients with low back pain (Diers, Löffler, Zieglgänsberger, & Trojan, 2015; Trapp et al., 2015; Wand et al., 2012) . Furthermore, a systematic review on the impact of interventions targeting cortical remapping in patients with chronic low back pain concluded that real-time lumbar visualization using mirrors may reduce the severity and duration of movement-associated low back pain (Daffada, Walsh, McCabe, & Palmer, 2015) . Nevertheless, there is a paucity of literature investigating the effect of visual feedback for other pain syndromes, such as neck pain. Neck pain is a highly prevalent condition, with a mean lifetime prevalence of 48.5% (Fejer, Kyvik, & Hartvigsen, 2006) , which seems to be associated with neural plastic changes in sensory processing and sensorimotor integration (DePauw et al., 2017) . Therefore, the aim of the present study was to evaluate the impact of visual feedback of the neck on pain intensity. Secondary aims were to evaluate the impact of visual feedback of the neck on neck range of motion and on unadjusted cognitive processes (catastrophizing, depression, fear of movement and anxiety).
| METHODS
This was a randomized, controlled trial that received ethical approval from the Ethics Committee of the University of Aveiro and was registered in clinicaltrials.gov (NCT03493334). All participants gave their written informed consent before entering the study.
| Sample
Patients with neck pain were recruited from a private clinical practice (Clinic of Diagnóstico e Terapêutica -Hellman, Lda) between April and June 2018. The principal investigator contacted patients with a clinical diagnosis of neck pain who were on the waiting list.
A total of 57 patients were contacted, of whom 15 refused to participate in the study. To be included, patients had to report pain between the superior nuchal line and a horizontal line passing through the first thoracic vertebrae at least once a week in the last 3 months, which was not associated with any specific disease (Merskey & Bogduk, 1994) . Patients were excluded if they reported a history of face or neck trauma, cervical radiculopathy, surgery of the neck, or any neurological or rheumatic disease, and if they had visual limitations not corrected by glasses or lenses. A total of 42 participants were randomly allocated to one of two groups: the group that received visual feedback and the group that did not.
| Procedures
Participants were assessed for sociodemographic (age and gender) and anthropometric (height and weight) data, neck pain (intensity, location, frequency, duration, time to return to baseline and associated disability), fear of movement, catastrophizing and anxiety. Patients were blinded to study aims, but the physiotherapist who assessed patients and delivered the intervention was not.
Pain intensity was assessed using a 10 cm visual analogue scale (VAS), marked at one end with "no pain" and at the other with "worst possible pain", which is highly reliable (Ferraz et al., 1990) , and changes of 2 points or percentage changes of at least 30% represent meaningful decreases (Dworkin et al., 2008) . Pain location was evaluated using a body chart, and pain frequency and duration with closed-ended questions.
Neck pain-associated disability was assessed using the Portuguese version of the Neck Disability Index (NDI), which is valid and reliable (with a Cronbach's alpha of 0.77) and has high test-retest reliability (with an intraclass correlation coefficient [ICC] of 0.95) (Pereira et al., 2015) . The NDI was developed by Vernon and Mior (1991) . The total score was calculated as the sum of the individual scores of each of 10 sections. Each individual section is scored with a minimum of 0 and a maximum of 5 points, and total score varies between 0 and 50, with higher scores indicating higher disability.
The minimal detectable difference is 12.75 (Pereira et al., 2015) .
The Tampa Scale of Kinesiophobia (TSK) was used to assess the fear of movement (Miller, Kori, & Todd, 1991) . The 13-item
Portuguese version has good test-retest reliability (ICC = 0.99). The total score ranges from 13 to 52, with higher scores indicating higher fear and insecurity of movement (Cordeiro, Pezarat-Correia, Gil, & Cabri, 2013) . This scale has four severity ranges: "subclinical"
(13-22);"mild" (23-32); "moderate" (33-42); and "severe" (43-52) (Neblett, Hartzell, Mayer, Bradford, & Gatchel, 2016) .
State and trait anxiety was assessed using the Portuguese version of the State-Trait Anxiety Inventory (STAI) (Silva, Silva, Rodrigues, & Luís, 1999) , which showed high internal consistency (Cronbach alpha between 0.88 and 0.93). This instrument has two subscales (state and trait), each measured using a 20-item scale and with scores ranging from 20 to 80. Higher scores are associated with higher levels of anxiety.
Pain catastrophizing was assessed using the Portuguese version of the 13-item Pain Catastrophizing Scale (PCS), which has good internal consistency (Cronbach alpha = 0.91) (Jácome & Cruz, 2004) .
Total score ranges from 0 to 52, with higher scores indicative of higher catastrophic thinking (Sullivan, Bishop, & Pivik, 1995) , and the minimal detectable change is 9 points in patients with chronic low back pain (Neblett et al., 2016) .
| Neck perception
Neck perception was investigated using an approach previously used in patients with neck pain (Moreira et al., 2017) and those with low back pain (Moseley, 2008 These instructions were adapted from previous research (Moreira et al., 2017; Moseley, 2008) . Participants' drawings were then classified as abnormal (increased or decreased) if the neck and shoulder were drawn as larger, thinner or incomplete, or as normal if the patient's drawing was consistent with the expected size and shape of the neck and shoulders (Moreira et al., 2017) .
| Neck range of motion
Flexion, extension, left and right rotation, and left and right side flexion were assessed using a universal goniometer and a bubble level. The universal goniometer has been shown to be a valid instrument for measuring neck range of motion when compared against the cervical range of motion device (Whitcroft, Massouh, Amirfeyz, & Bannister, 2010) . It has also been shown to be reliable (ICC between 0.79 and 0.97) and to have a small standard error of measurement (between 1.40°and 3.35°f or all movements) (Farooq, Bandpei, Ali, & Khan, 2016) . Participants were seated with their feet on the ground, knees and ankles at 90°of flexion and their hands on their thighs. A strap through the mid-thoracic spine (T6) was used to stabilize patients against the chair and minimize compensation. For measurements of each of the neck movements, the axis and arms of the goniometer were aligned with the anatomical points of reference, as described by Palmer and Epler (2000) . When the fixed arm was in a horizontal position, a bubble level was attached to it, to indicate the true horizontal. Movements were measured in the same order in both measurement periods (baseline and post-intervention). A first trial of each neck movement was used to demonstrate procedures to the patient, and then three measurements were recorded, with 30 s rest in between. The mean of these three measurements was used in the statistical analysis.
Participants were assessed before and after the intervention (except for sociodemographic data and neck perception, which were assessed at baseline only).
| Interventions
Participants were randomly allocated to receive one of two interventions using research randomizer software (https://www.randomizer. org/): 10 repetitions of each neck movement with visual feedback of the posterior neck region, or the same number of movements without visual feedback. Randomization was performed by a researcher not involved in the patient assessment or intervention. Participants wore clothes that allowed the neck region to be visible. If they had long hair, they were asked to tie it back. The spinous processes of each cervical vertebrae were marked with washable black pen, to increase the visual impact (Wand et al., 2012) . Participants were seated in a chair, with knees and ankles flexed at 90°, with two mirrors-one in front and the other behind. Mirrors were used as they are cheap and easy to use in clinical practice. Participants were then asked to perform 10 repetitions of all neck movements (flexion, extension, left and right rotation, and left and right side flexion) using standardized instructions, while concentrating on the image of their neck reflected on the mirror in front of them. The no visual feedback group was asked to perform the same movements while looking at the reflection in the mirror in front of them. However, the mirror that was placed behind these participants was covered. The investigator counted the number of repetitions.
| Statistical analysis
The IBM Statistical Package for Social Sciences (SPSS) software, version 24.0, was used for statistical analysis. Descriptive statistics were used to describe the variables: means and standard deviations (SDs) for continuous variables, and count and percentages for ordinal and nominal variables. Between-group comparisons at baseline were performed using Student's t-test for continuous variables and a chisquare test for ordinal and nominal variables. Intervention effects were assessed using a two-factor repeated measures multivariate analysis of covariance, with moment of assessment as the withingroup factor, intervention as the between-group factor, and age as a covariate, as age was significantly different between groups. Data passed the Shapiro-Wilk normality test (p > 0.05) and there was homogeneity of variance. The significance level was set at p < 0.05.
| RESULTS

| Characteristics of the sample
The sample consisted of 42 participants, divided into two groups: an experimental group that experienced visual feedback (n = 21), and a control group that received no visual feedback (n = 21). In both groups, 15 (71.4%) participants were female and six (28.6%) were male. The mean (± SD) age of the experimental group was 49.48 (± 9.63) years, and of the control group was 40.62 (± 15.61) years. There were no significant differences (p > 0.05) between groups regarding gender, body mass index (Table 1) or for any of the outcome variables of interest (Table 2) but there was a significant difference for age (p < 0.05) (Table 1) . Neck perception was categorized as abnormal (increased or decreased) in 11 (52.4%) participants in the visual feedback group and 13 (61.9%) participants in the no visual feedback group, but three (14.3%) and seven (33.3%) participants, respectively, did not complete the drawing.
There were no significant differences between groups (p > 0.05).
| Effects of the intervention
There was no significant interaction between time and intervention (F(1.39) = 1.12, p = 0.297; partial eta-squared = 0.028) and no effect of time on pain intensity (F(1.39) = 0.12, p = 0.729; partial etasquared = 0.003). However, there was a significant interaction between time and intervention for all the neck movements: flexion (Table 3) .
Regarding disability, fear of movement, state anxiety, trait anxiety and catastrophizing, there was neither a significant interaction 
| DISCUSSION
The study results suggested that a single session of visual feedback during 10 active repetitions of each of the neck movements did not affect pain intensity or unadjusted cognitive processes, but significantly increased range of motion.
Previous studies suggested that visual feedback of the painful body segment has a positive impact on pain. Trapp et al. (2015) examined the effect of a combined intervention consisting of visual feedback from the back, and motion and sensory discrimination training in patients with chronic low back pain. They reported a significant effect on self-reported pain and sensory discrimination threshold, and no effect on anxiety, depression or cognitive appraisal of pain. In addition, Diers et al. (2015) reported that real-time video visual feedback from the low back reduced pain intensity in patients with low back pain. The contrasting results between the study by Trapp feedback may be insufficient to have a positive impact on pain. We found a mean decrease in pain intensity of 14% in the group that received visual feedback and of 0% in the group that did not, suggesting a trend towards a pain decrease. In the study by Diers et al. (2015) , patients were asked to rate their pain, watch a video providing visual feedback and then rate their pain again, without performing any movement.
As with our study, Trapp et al. (2015) found no difference in the anxiety and pain appraisal after the visual feedback intervention. Taken together, the results of Trapp et al. and those of the present study seem to suggest that visual feedback has no effect on these variables and, therefore, that it should be combined with other interventions, as patients with neck pain have been shown to have unadjusted cognitive processes (Sá & Silva, 2017; Thompson & Woby, 2017) .
Patients with neck pain have been shown to have decreased range of motion of all neck movements when compared with asymptomatic participants, with mean differences ranging from −7°for right side flexion to −18°for extension (Stenneberg et al., 2017) . The mean increase in range of motion found in the present study varied between 2.5°and 3.7°, and this range of values is similar to that reported in previous studies using other interventions. For example, Kanlayanaphotporn, Chiradejnant, and Vachalathiti (2009) and beyond the scope of the present study. One possibility is that by focusing on the neck, the emphasis placed on pain as a factor that limits range of motion was reduced, or that the modulatory effect of visual feedback on pain leads pain to appear later in the range of motion. Diers et al. (2015) suggested that visual feedback modulates the pain processing network via posterior parietal brain areas responsible for the integration of multisensory aspects of the body. In addition, visual feedback of the painful body segment may help to restore congruence between motor output and sensory input (Ramachandran & Altschuler, 2009) , as well as the normal representation of the painful body part in the somatosensory cortex, improving movement efficiency (Moseley, Gallace, & Spence, 2002) .
| Study limitations
The sample size was small, so the results should be interpreted with caution. There is no indication of the minimal amount of visual feedback required to produce an effect. In addition, the short duration of the intervention limited the extrapolation of the results to longer interventions. However, the results provide information to physiotherapists about the effects of a single session consisting of a specific amount of visual feedback. The fact that the researcher who assessed participants was not blinded could have increased the probability of type 1 errors (false positives). However, all instructions and procedures were standardized to minimize the effect of the researcher on the results.
| Clinical and research implications
We were unable to find other studies that assessed the impact of using visual feedback of patients' own neck (without manipulating it) in those with neck pain. Our results showed promise by suggesting that a single and short duration session of visual feedback, using inexpensive equipment, has a positive effect on neck range of motion, to an extent that could be clinically relevant. Furthermore, a trend towards a decrease in pain intensity and the absence of an effect on fear of movement, catastrophizing and anxiety suggests that this intervention should be combined with interventions that are effective for these variables. The present study findings support further studies investigating the effect of visual feedback for patients with neck pain.
| CONCLUSION
The study findings suggest that performing a series of 10 active movements of the neck while watching the reflection of the neck in a mirror may help to improve neck range of motion. Furthermore, our results support further studies investigating the effect of visual feedback of the neck for longer periods and combined with other interventions.
